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Abstract: Cities are currently under threat of many disruptive factors, such as climate change, migration,
security, terrorism and economic disparity. The future of the city will not turn out to be one-dimensional.
lnstead cities will become more and more complex and adaptive systems. To get grip on the future of cities
this paper presents a framework of mapping a suite of archetypical cities, which once they are brought
together again show their interdependencies, multipliers and synergies. The mapping is done on the basis of a
set of indicators, specific for each 'city'. Once these metrics are known the maps can be built and the
interdependencies between them can be found. Each of the archetypical cities as well as the entire framework
is set-up as collaborative research between the university and urban stakeholders and between a maximum of
five cities around the world. This allows for a fundamental comparison between the cities on the basis of the
identified metrics. The paper discusses the sets of indicators and metrics for each city and the opportunities
that the framework offers to enhance critical reflections on the individual layers as well as the interrelations
between the layers. The overlayed mappings provide critical information as to where the strategic
interventions for creating more resilient and sustainable urban environments are located. The paper offers
insights into the way future cities might develop with respect to each of the themes, but also as an integrated
complex urban system.
Keywords: resilient urban design, framework for urban design, layer approach, identity, sustainability
lntroduction
Design of the future can no longer be based on the certainty of programs and conditions. ln
order to address ever changíng cond¡tions and shifting programs, a plan for a city or precinct
has to reflect its own conditions and the effects of the planned interventions and the
process of planning has to be transformed into a reflexive process (Beck, 1994) of multiple
feedback. Secondly, climate change, migrat¡on, even economics and social processes
comprise the so-called wicked problems (R¡ttel and Webber, L973) which need to be
continuously treated and directed to create a better future. With no single, accepted
formulatíon of these problems, the answers are often defined in "more-or-less" terms in
which planners and managers at best can find reasonable, but shifting balances among
compet¡ng interests and values. These persístent problems require counterintuitive thinking,
and the development of new knowledge. Design is a very suitable approach for these types
of problems (De Jonge, 20A9). Creative thinking, problem solving and design innovations
enable the integration of a large number of partial solutions into a spatial strategy for a city
and its suburbs, linking these up with various activities and interventions (Rosemann, 2001)
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ln the meantime, many aspects that influence life on earth, and especially in cities, are
changing and unprecedented. We distinguish three types of uncertainty that impact cit¡es
more than these planning frameworks can deal with:
(i) Uncertain developments that face uncertainty from wicked problems of climate
change, migration and technological developments ( Commonwealth of Australia 20A71;
(ii) Enforced uncertainties such as the transítion towards a green economy (Allen and
Clouth 20L21 or a low-carbon energy supply (Foxon et al. 2010) that are deliberately
enforced
(iii) lncreased exposure to uncertaintíes such as increased global population especially
in vulnerable locations (Kreímer et al. 2003
Figure 1. Middleton, Western Sydney (Google Maps)
The complexity of current problems and the diverse types of uncertainty we have to
deal with makes the case for transformative design. However if we continue to let the
priority for economic benefits to drive urban delivery - the resulting neighbourhoods
(Figure 1) show suboptimal results ín terms of resiliency and sustainability. They suffer from
heat, lack of tree cover, flash flooding, and there is hardly any space for green-water or
ecological structures.
ln the case of Sydney, the creation of "vibrant attractive and well connected
communities" is a recurring theme in a range of draft plans and policies developed by the
NSW Government Planning and Envíronment (e.g. Kellyville/Camellia). ln these cases,
whether new land releases or urban infill, the main stay of these plans arises from land use,
infrastructure and transport analyses that primaríly address key economic and growth
drivers 
- 
population growth, density, jobs, their location and future, and requirements for
transport connectivity ín the city. ln most sítuations broader environmental concerns for
such aspects such as water, ecology, soí1, and elevation tend to have limited bearing on
urban morphology, master planning at precinct level and individual design of houses.
A planning framework is needed to understand how an alternative way of delivering
urban neighbourhoods can lead to a more sustainable, resilient and interesting places.
Several attempts to make green cities are evident in the literature: These ínclude ambitious
"game changer" projects developed to showcase sustainability and the notíon of a top down
approach to green urbanism such as Masdar City or Dongtan. Much of the additional
housing needs to be found through retrofitting suburbia. Several are developed as green
urban redevelopments of existing neighbourhoods, such as BedZed in London, Central Park
in Sydney, or as exemplary circular city development, e.g. Buíksloterham in Amsterdam.
Approach
We have analysed three ways of (green) urban planning, each driven by their own rules.
1. The 'developer' rules: A straightforward economic model. Land p¡ices, development
models and land ownership determine the outcome and typologies of urbanism.
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2. The 'policv' rules: A separated way of inreasíng sustainability by adopting thematic
plans for energy, water, etc. The high ambitions of each of these plans often do not
come to fruition as ín reality they conflict with other plans f urban development.
3. The 'crowd' rules: lntegrated resilience thinking. ln this model the indívidual
domains are designed to the maximal resilient level. After this the position in these
domains of specific areas (neighbourhoods/precíncts) determines the combination
of requirements from each of the domains. This gives the area a specifíc uniqueness
and distinction from its neighbours. As result a field of qualitíes emerges, which
altogether form an interconnected resilient system.
Having explored these three models of development, we have chosen the third model
as the basis for resilient and green urban design. For this model we have developed a
planning and design framework, which is able to provide resilience and diversity on all levels
of the city. The idea behind the framework is to deconstruct the cities complexity in several
layers, which, each by themselves, are designed in the most resilient way. When we then
reconnect the different layers in the design for a local area, so that the end result is a
unique combination of sourced layers - distinctive of place and containing a high level of
resíliency. The framework is under construction and therefore we elaborate only on the
energy layer at three levels to indicate how the framework works in this paper.
Preliminary findings: the energy layer
We explore the manner in which considerations for energy are addressed and influence the
making of the city at three levels to illustrate current approaches and the potential of our
proposed framework.
Stotus Quo - Whot îs ochîeved at the household scale
ln the Australían context, the Buílding Code of Australia (ABCBI. (2OL4) stipulates energy
efficiency measures with the express goal of reducing potential greenhouse gas emission
from space condítioning of buildings. These requirements essentially regulate the thermal
performance of the building envelope (roof, wall, floor, windows) while taking into account
shading and ventilation. Energy efficiency in houses is also reinforced through minimum
standards for ductwork of heatíng and cooling systems, plumbing, water heating and
artificial lighting with opportunities in some jurisdictions to gain credits for efficient (low
greenhouse gas impact) forms of heating cooling hot water and alternate energy systems.
The legislations and targets embody a tacit acknowledgement of market forces-all
stringency limits were determined through detailed cost benefit analysis to ensure
complíance costs could be offset through the potential energy savings. lntroduction
through BASIX regulatory scheme has resulted in 640/o of dwellings exceeding theír energy
targets when compared to average NSW houses NSW Department of Planning (2011)
At a site/precinct level, the minimum performance requirements for thermal envelope
and services are overlaid with local development control plan (DCP) regulations for amenity
-solar access, overshadowing, daylight and opportunity for natural ventilation. Coupled
with controls for the architectural treatment of dwelling facades, a fairly homogenous
quality of housing stock is evident in many new suburbs ín Sydney. Rather than the
homogeneíty in aesthetics, what is of concern is the underlying assumptíon of no difference
ín layout, built form or materíality to address variation in temperature, occurrences of
extreme weather or flooding, whether they be close to the coast or 100 km inland (Figure 2)
Another point to note ís that the existing framework is designed on the assumption of
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uninterrupted supply of non-renewable energy (electricity and gas) from the grid in all
locations. Most typical developments pay little attention to the questions of precinct wide
management of peak electricity demand, and resilient infrastructure for an energy secure
future.
. * rr:i1¿W!' '
æ."r*Y***
ab
tigure 2: Basix Compliant developments 
- 
a. Kelly Ville and b. Green Hills Beach
ln comparison, a greater awareness of the broader questíons of resilience from an
energy perspective is evident through many recent building and precinct developments
(such as Central Park in Sydney or Alkimos Beach in Western Australia; Tonsley Park in South
Australia that consider reduced peak Electricity Demand, On-site generation and Energy
Storage aspects that are rewarded to precinct via rating tools such as Green Star
Communitíes (GBCA 20L7). ln most of these cases, the impetus for these projects arise
from the setting of ambitious and aspirational goals of state /local authorities and
developers keen to promote flagship demonstration projects. Often in these cases, the tacit
knowledge of local energy networks and infrastructure and data of performance remains
outside the public domain.
Stotus Quo - What îs achieved at the regionol scole
Energy network data that ís typically available to planners and developers emphasises
the electricity gríd and gas networks as the primary sources of energy in our cíties (Figure 3).
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Figure 3. Grid-from GIS mapping- image electricity
grid. Source: March studio GO WEST!
- 
Holly Johnson, Megan Johnson student
extracted map as part of studio investigations,
2017
- 
Studio Leader Rob Roggema and Craig Allchin
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Figure 4: Clean Energy in the Sydney Metropolitan
region (Clean Energy Council, 2017)
o
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What is míssing in the regularly available data at the precinct scale is information
relating to local storage, trigen plants, local smart grids, Iocal solar and wind farms.
Although available from other sources (Clean Energy Council, 20L7) data regarding
renewable energy sources (see Figure 4) are static, retrospective and not immediately
considered to our knowledge in the mainstream planníng domain. Alongside the basic
ínformatíon of electricity infrastructure for a given precinct (See Figure 5 a), any information
relating to storage opportunities, exposition and radiation, wind that are determined by the
local context (Figure 5 b) ís required to be mined and understood separately
Where tolrom here - Integroted resilÍence.thînklng
The advantages of Energy'Potential Mapping to visualise mismatches, surpluses and
shortages of energy and to develop Energy Master plans to assist planning strategy is well
documented (Roggema et al., 2011, Dobbelsteen et al 2014), This approach has been used
to develop a Trígeneration Master plan for Sydney (Kinesis 2013).
ab
Figure 5.Student mapping of Kurnell Peninsula showing (a) Electricity infrastructure and ( b) Energy Potential
Mapping [Source: M.Arch Studio Project 2013 Refining Kurnell - (a) Nason, K., Swinburne, A., Calabrese, 0.,
Salinas, S., Gatesoupe, A. and (b) ,- Studio Leader Leena Thomas and Amelia Holliday
Figure 6. Student group precinct strategy for the post-oil transformation of fuel import site at Kurnell. (Source
M.Arch Studio Project - Capparelli, J., Ferriere, M., Kacha, K., Trudeau, T.,Zarsav, S., 2014 - Studio Leader
Leena Thomas and Jarrod Lamshed).
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Using an integrated approach it becomes possible to conceptualise a highly resilient energy
system towards the ambítion of a Zero Carbon City at the precinct level, connected with
eventual extra storage and backup capacity at the regíonal scale (windfarms, hydro), and
minimisíng demand at the household level that is site and context specific. This could also
combine with other considerations such as on- site bio-energy, food production and waste
treatment, to develop an intelligent precinct strategy as evident in this speculative masters
studio project for the transformation of a former brownfield oil refinery site into a
sustainable living and work environment (Figure 6).When rolled into practice, such an
approach should necessarily combine aspects of smart metering for feedback, demand
management, cítizen engagement and other aspects to capture behavioural change. As
discussed above, rigorous and critical mapping of the inputs, outputs and opportunities
within the energy layer has the potential for transformative design of the city. lmportantly
it enables interrogation of the assumed dependency on a fossil fuel based energy network
and provides an operational framework to shift to a resilient energy system.
The framework
As the analysis of the energy layer shows the data and understanding of the energy layer as
a resilient system is not complete. Besides filling the gaps ín information, the energy layer
should be designed as a fully renewable, zero-carbon energy layer. Once this is undertaken
the energy layer forms one of the layers of the framework. The 15 layers are listed in table 1:
Table 1: 15 of resilient
Zero Carbon Sydney use of renewables, generate energy in or around the city. More energy generated than is used,
create a Carbon Sink, use the method of energy potentials mapping (Roggema et a1.,2011i
Dobbelsteen et al., 20L3).
Sydney with
bikes than cars
more reduce the space for cars, increase public spaces, bike infrastructure - after Copenhagen
(Cathcart-Keays, 20L6)
Disaster free Sydney resilient for climate hazards. No-impact of floods, fires, rain events, Urban Heat lsland effect,
water sensitive design, fire sensitive design, etc. Swarm Planning (Roggema, 2012) as an
approach to create more flexibility in cities and create resilience (the resilient city, socio-
ecological systems, socio-technological systems, complex adaptive systems, disaster risk
management)
smart bySydney
Nature
Consider the city as an organism with different functions, organs, body elements, does it suffer
from viruses, illness, does it eat well. Make the city flexible in changing its shape. Use self-
organisation, complex¡ty, systems thinking. Urban informatics, Smart urban environments,
robotics, data driven design, interactive design (oosterhuis, 2012).
Sydney Food Region urban agriculture, grow food for the population of Sydney, within in and around the urban
boundaries, food region. Minimise foodmeters and foodmiles. (Wascher et al., 2015)
Metabolic Sydney flows of materials, energy, water, information, how much comes in and leaves, how is it
processed within, recycle, re-use, circular economy, flows and the metabolism of cities
(Wolman, 1965), Extended urban metabolism model (Newman, 1999), Cradle to Cradle
(McDonough and Braungart, 2009
Affordable Sydney create a city in which everyone can live, in places where they want. Prevent a push out of the
centre for citizens that are less wealthv, housins
Equitable Sydney a city in which everyone gets the same chances, there is no distinction between people on the
basis ofgender, race, age
Healthv Svdnev access to green, air oualitv etc.
lnhabitable Sydney When worse comes to worst, people can't afford to live here anymore, disaster cannot be
prevented, climate is too harsh.
Sydney as an Urban
La ndscape
how does the landscape determine the city. How does the soil, water system, elevation and
microclimate define urban patterns, urban use. (Weller,2009), Design with nature (McHarg,
L969), ecological urbanism, landscape urbanism (Waldheim, 2016), regional ecological model
(Roseema et al.. 19941
DenSvdney how can the density of functions, urban land-use, housing, and population be increased? How,
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what kinds of new qualities could it deliver? How many additional houses, could be delivered,
which are the arch¡tectural tvpoloeies fittins with this strategy?
Datasydney City designed completely based on data. What happens? Computational design. What are the
parameters? Price/land value (affordability), safety (climate hazards/criminality), diversity
(people/income), efficiency/transport, traffic flows, the city sensored, measured.
Post industrial Sydney what happens with all the spaces that will no longer be used for industrial activities, mining,
refineries, power plants. (Thomas 20L5) Where are these spaces located, how to regenerate.
Less space required for mobility/cars. Free falling infrastructure space; what to do with it. How
to redesisn re-use?
Sydney
I nfrastru ctures
of resource and waste infrastructure, transportation infrastructure (road, train, water), water
management infrastructure, energy infrastructure, communication infrastructure. How do we
value network connectivity (Thomas et. al 2015) and how are the infrastructure systems linked?
These layers are partly aligned with the environmental strategy of the CiÇ of Sydney
(http://syd neyyou rsay.com.au/environmenta l-strategy/documents/37740/download). ln
the framework we propose each layer to cover the entire metropolis. ln this sense the set of
layers deconstruct the diverse domains in separated resilient propositions. At the local level
the specific qualities of each layer will be reconnected and provides the program of
demands for the local desígn task.
Because the framework works at different scales, the collaboratíve power of a range
of organisations and institutíons is essential to deliver the highest possible resilience. The
resolut¡on of data, the accessibility and the dynamism of the data in order to provide the
right data at the right scale at the right time, e.g. permanently, is also an essent¡al factor
that can make the framework a success.
Conclusion
Through combining the localised parts of every layer at its highest resilíence performance,
the result at the precinct scale will also be resilient, and at the same time will distinguish
itself from their neighbours.
The model of resilient integrated urbanism will bríng more values together than only
the economic value, such as ecolog¡cal values (energy, water etc), social values (identity,
liveability), etc. ln order for the framework to become practical, the barriers of data-
collection, access¡bility and sharing need to be resolved.
ln an operational sense the framework is in line with the work of many regional
authorities, whích collect data and produce visions and policies for the region. ln the context
of Sydney, the Greater Sydney Commission is the organisation that best could adopt the
frameworÇ in order to put a mechan¡sm in place that uses regional data for the benefit of
resilient city planning.
The value of the proposed approach lies in the fact that regional authorities can start
an evidence-based planning process for the future development of the metropolis. This way
the coherence of the region, its resilience and the spatial differences are enhanced, which
leads to a more attractive and thriving region.
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